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Gas occurs  i n  coalbeds i n  an  adsorbed and a f r e e  gas s t a t e .  Adsorbed gas  
i s  s t o r e d  i n  t h e  micropore s t r u c t u r e  and i t s  t r a n s p o r t  i s  governed by F i c k ' s  
l a w .  The f r e e  gas occurs  i n  t h e  f r a c t u r e  system and flows accord ing  t o  Darcy's 
l a w .  These two modes of mass t r a n s p o r t  a r e  in te rdependent .  Product ion 
d e c l i n e  curves  of coa l -gas  w e l l s  a r e  of t h e  cons t an t  percentage d e c l i n e  type  
and, thus ,  show no i n d i c a t i o n s  of flow c h a r a c t e r i s t i c s  p e c u l i a r  t o  coa l -gas  
r e s e r v o i r s .  The e f f e c t i v e n e s s  of s u r f a c e  boreho l e s  as a degas i f i c a t  ion  scheme 
depends upon both good f r a c t u r e  permeabi l i ty  and a h igh  f r a c t u r e  dens i t y .  
Conventional methods of r e s e r v o i r  eng ineer ing  a n a l y s i s  a r e  no t  a p p l i c a b l e  t o  
coalbeds.  
INTRODUCTION 
Mining of deep coalbeds (1,500 t o  2,000 f e e t )  and product ion of t h e  a s s o -  
c i a t e d  gas i s  analogous t o  a gas w e l l  w i t h  an  expanding we l l  bore  r ad iu s .  Gas 
produc t ion  o f  10 t o  15 m i l l i o n  s t anda rd  cubic  f e e t  per  day i s  not  uncommon 
from deep mines. S t a t e  and Federal  codes r e q u i r e  t h a t  each u n i t  volume of gas 
be d i l u t e d  w i th  approximately 100 volumes of a i r  i n  o r d e r  t o  main ta in  methane- 
a i r  mixtures  below t h e  e x p l o s i b i l i t y  range of 5 t o  15 percen t  methane. 
Mining deeper coalbeds r e q u i r e s  sma l l e r  mine openings and t h e s e  mines 
tend  t o  be more gassy. Thus, t h e  u se  of v e n t i l a t i o n  ( d i l u t i o n )  as a means of 
c o n t r o l l i n g  methane concen t r a t i ons  a t  a c t i v e  f a c e  a r e a s  and i n  t h e  r e t u r n s  is  
l i m i t e d  s eve re ly .  Degas i f i c a t i on  of coalbeds p r i o r  t o  mining and methods of 
c o n t r o l l i n g  t h e  flow dur ing  mining a r e  necessary.  Before e f f e c t i v e  methods of 
c o n t r o l  and d e g a s i f i c a t i o n  can be developed, t h e  l a w s  governing mass t r a n s p o r t  
through coalbeds must be understood. 
The purpose of t h i s  paper i s  t o  p r e sen t  t he  fundamental concepts  govern- 
i ng  t h e  t r a n s p o r t  of gases  through a coalbed,  and t o  d e f i n e  one of t h e  envi -  
ronmental problems r e l a t e d  t o  r a p i d ,  economical, and s a f e  mining of  coa l  
d e p o s i t s .  
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MICROPORE STRUCTURE OF COAL 
Coal i s  formed from p l a n t  s u b s t a n c e s  which were  p r e s e r v e d  i n  v a r i o u s  
s t a t e s  of  d e g r a d a t i o n  i n  a f a v o r a b l e  environment,  and l a t e r  a l t e r e d  by chemi- 
c a l  and  p h y s i c a l  p r o c e s s e s .  However, t h e r e  i s  no u n i v e r s a l  agreement on what 
chemical  and p h y s i c a l  changes  t a k e  p l a c e  i n  t h e  t r a n s f o r m a t i o n  o f  p l a n t  sub-  
s t a n c e s  t o  c o a l .  The o r i g i n ,  pe t rography ,  and c l a s s i f i c a t i o n  of  c o a l  a r e  
a d e q u a t e l y  d i s c u s s e d  i n  t h e  f i r s t  and  supplementary  volumes of  Chemistry of  
Coal U t i l i z a t i o n  (2, - 4r? and need n o t  be  r e p e a t e d  h e r e .  
Methane i s  a byproduct  of  t h e  c o a l i f i c a t i o n  p r o c e s s .  Under p r o p e r  b u r i a l  
c o n d i t i o n s ,  methane canno t  e s c a p e  from t h e  c o a l  forming s u b s t a n c e  and i s  d i s -  
p e r s e d  through t h e  bed as a f r e e  gas  d u r i n g  v a r i o u s  s t a g e s  o f  c o a l i f i c a t i o n .  
One o f  t h e  o u t s t a n d i n g  f e a t u r e s  o f  c o a l  i s  i t s  microporous  t e x t u r e ,  which 
p l a y s  a n  i m p o r t a n t  p a r t  inmany physicochemical  p r o p e r t i e s  o f  c o a l  such  as i t s  
g a s - r e t a i n i n g  c a p a c i t y ,  i t s  r e a c t i v i t y  towards v a r i o u s  chemical  r e a g e n t s ,  and 
t h e  p o s s i b i l i t y  of  t r a n s f o r m i n g  c o a l  i n t o  h i g h l y  a d s o r b i n g  m a t e r i a l s  such as 
a c t i v a t e d  ca rbons .  
I n  t h e  s t u d y  of  s o r p t i o n  o f  g a s e s  and vapors  on s o l i d s  hav ing  f i n e  p o r e s ,  
mass t r a n s p o r t  by d i f f u s i o n  p l a y s  an  impor tan t  r o l e .  I n  e a r l i e r  s t u d i e s ,  
a d e q u a t e  a t t e n t i o n  w a s  n o t  p a i d  t o  t h e  c o n t r i b u t i o n  o f  d i f f u s i o n a l  r e s i s t a n c e  
t o  t h e  r a t e  of  e s t a b l i s h m e n t  o f  a n  e q u i l i b r i u m  c o n c e n t r a t i o n .  Consequent ly ,  
d i s c r e p a n c i e s  e x i s t e d  between v a l u e s  o f  i n t e r n a l  s u r f a c e  a r e a  o f  c o a l  o b t a i n e d  
by low t e m p e r a t u r e  gas  a d s o r p t i o n ,  and t h o s e  o b t a i n e d  from h e a t  of  w e t t i n g  i n  
methanol a t  a b o u t  room tempera tu re .  Marsh ( 5 )  - reviews t h e  v a r i o u s  methods o f  
d e t e r m i n i n g  s u r f a c e  a r e a s  o f  c o a l  and conc ludes  t h a t  s u r f a c e  a r e a  o f  c o a l s  
a r e  mos t ly  i n  t h e  range  200 t o  300 s q u a r e  m e t e r s  p e r  gram (2 ,150 t o  3,230 
s q u a r e  f e e t  p e r  gram),  Van d e r  Sornmen and o t h e r s  ( 7 )  measured t h e  volume of  
methane adsorbed  on t h e  i n t e r n a l  s u r f a c e  a r e a  o f  c o a l  t o  a b o u t  7,500 p s i g .  
They de te rmined  a s a t u r a t i o n  v a l u e  of 21.34 c u b i c  c e n t i m e t e r s  p e r  gram ( 6 8 4  
c u b i c  f e e t  p e r  t o n )  f o r  p r e s s u r e s  above 1,500 p s i g .  It i s  i n t e r e s t i n g  t o  n o t e  
t h a t  t h e  amount o f  gas  adsorbed  i s  approx imate ly  28 t imes  t h e  volume of  c o a l  
a t  s t a n d a r d  c o n d i t i o n s .  Consequent ly ,  a n  a c r e - f o o t  o f  such  c o a l  c o n t a i n s  
approx imate ly  1 .2  m i l l i o n  s t a n d a r d  c u b i c  f e e t  of  methane. Anderson a n d  
o t h e r s  ( 1 )  - show t h a t  t h e  micropore  d i a m e t e r  i s  of t h e  o r d e r  o f 5  A n g s t r o m u n i t s .  
MASS TRANSPORT LAWS 
Coalbeds i n  t h e  Uni ted  S t a t e s  a r e  n a t u r a l l y  f r a c t u r e d .  The d e g r e e  o f  
f r a c t u r i n g  v a r i e s  from one  c o a l b e d  t o  a n o t h e r .  For  example, t h e  P i t t s b u r g h  
c o a l b e d  i s  a b locky- type  c o a l  w i t h  prominent c l e a v a g e  p l a n e s  a t  90 d e g r e e s  
" U n d e r l i n e d  numbers i n  p a r e n t h e s e s  r e f e r  t o  i t ems  i n  t h e  l i s t  o f  r e f e r e n c e s  a t  
t h e  end o f  t h i s  r e p o r t .  
a n d  a f r a c t u r e  s p a c i n g  o f  t h e  o r d e r  o f  6 i n c h e s .  The P o c a h o n t a s  No. 3  c o a l b e d  
i s  a f r i a b l e - t y p e  d e p o s i t  w i t h  c l e a v a g e  p l a n e s  a t  a p p r o x i m a t e l y  90  d e g r e e s  
t h a t  a r e  n o t  as p rominen t  as t h e  p l a n e s  i n  t h e  P i t t s b u r g h  c o a l b e d .  The f r a c -  
t u r e  s p a c i n g  i n  t h e  P o c a h o n t a s  No. 3  c o a l b e d  i s  o f  t h e  o r d e r  o f  1 / 4 - i n c h .  
Coa lbeds ,  t h e r e f o r e ,  h a v e  a f r a c t u r e  p o r o s i t y  a n d  p e r m e a b i l i t y .  Mass t r a n s -  
p o r t  t h r o u g h  t h e  f r a c t u r e  s y s t e m  i s  gove rned  by D a r c y l s  law, namely :  
The d r i v i n g  f o r c e  f o r  t h i s  mode o f  t r a n s p o r t  i s  a p r e s s u r e  g r a d i e n t .  
P re sumab ly ,  a c o a l b e d  i n  a la te  d i a g e n e t i c  s t a g e  i s  one  s o l i d  mass a n d  
a l l  g a s  w a s  c o n t a i n e d  i n  t h e  m i c r o p o r e  s t r u c t u r e .  L a t e r ,  j o i n t i n g  d e v e l o p e d  
i n  t h e  c o a l b e d s  and  a l l o w e d  g a s  t o  b i e e d  f~-om t h e  s c l i d  coa l  i n t o  t h e  f r a c t u r e  
sys t em.  Mass t r a n s p o r t  t h r o u g h  s o l i d  c o a l  ( m i c r o p o r e  s t r u c t u r e )  i s  gove rned  
by F i c k t s  l a w  o f  d i f f u s i o n ,  namely :  
The d r i v i n g  f o r c e  f o r  t h i s  mode o f  t r a n s p o r t  is  a c o n c e n t r a t i o n  g r a d i e n t ,  
S e v e n s t e r  (6)  found  t h a t  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  powdered c o a l  f o r  a 
number o f  g a s e s  i s  o f  t h e  o r d e r  o f  10-l3 s q u a r e  c e n t i m e t e r s  p e r  s econd  a t  
a t m o s p h e r i c  p r e s s u r e .  
A l though  t h e s e  two modes o f  t r a n s p o r t  a r e  s e p a r a t e  a n d  d i s t i n c t  phenomena, 
t h e y  a r e  i n t e r d e p e n d e n t .  T h i s  i n t e r d e p e n d e n c y  c a n  b e  e x p r e s s e d  o v e r  a l i m i t e d  
r a n g e  o f  p r e s s u r e s  by t h e  f o l l o w i n g  e m p i r i c a l  e q u a t i o n  (L): 
I n  v i r g i n  c o a l ,  t h e  p r e s s u r e  i n  t h e  f r a c t u r e  s y s t e m  a n d  t h e  c o n c e n t r a t i o n  
o f  g a s  i n  t h e  m i c r o p o r e  s t r u c t u r e  a r e  i n  e q u i l i b r i u m .  I f  t h e  p r e s s u r e  i s  
r educed ,  t h e  e q u i l i b r i u m  i s  b roken  a n d  g a s  b e g i n s  t o  b l e e d  f rom t h e  m a t r i x  
u n t i l  a new e q u i l i b r i u m  i s  r e a c h e d  t h a t  is  c h a r a c t e r i s t i c  o f  t h e  g a s  p r e s s u r e  
i n  t h e  f r a c t u r e  sys t em.  
C o a l - g a s  r e s e r v o i r s ,  t h u s ,  c o n s i s t  o f  two d i s t i n c t  e l e m e n t s ;  namely,  
f r a c t u r e s  a n d  m a t r i x ,  Each h a s  i t s  c h a r a c t e r i s t i c  mode o f  mass t r a n s p o r t  t h a t  
a r e  i n t e r d e p e n d e n t .  Such r e s e r v o i r s  a r e  more complex  t h a n  " c o n v e n t i o n a l "  g a s  
r e s e r v o i r s  h a v i n g  t h e  d i s t i n c t  e l e m e n t s ,  f r a c t u r e s ,  a n d  m a t r i x ,  e a c h  w i t h  i t s  
c h a r a c t e r i s t i c  p e r m e a b i l i t y  a n d  p o r o s i t y .  T h e r e f o r e ,  t h e  e x t e n s i o n  o f  conven-  
t i o n a l  methods  o f  r e s e r v o i r  e n g i n e e r i n g  a n a l y s i s  t o  c o a l b e d s  t h u s  i s  n o t  
j u s t i f i e d .  
The d e s o r p t i o n  o f  g a s  from c o a l  i s  n o t  a n  i n s t a n t a n e o u s  p r o c e s s ,  I t s  
r e l e a s e  c a n  b e  d e s c r i b e d  q u a l i t a t i v e l y  as "slow b l e e d i n g . "  F o r  example ,  1  
pound o f  1 / 4 - i n c h  c o a l  a n d  1  pound o f  f i n e  c o a l  ( 2 7 5 -  t o  325-mesh) w i l l  a d s o r b  
t h e  same q u a n t i t y  o f  me thane  a t  15  p s i g .  However, when p r e s s u r e  is r e d u c e d  t o  
a t m o s p h e r i c ,  t h e  f i n e  c o a l  (275 -  t o  325-mesh) d e s o r b s  a l l  i t s  g a s  i n  a b o u t  
1 h o u r ;  t h e  1 / 4 - i n c h  c o a l  r e q u i r e s  a b o u t  30 days .  Fo r  s o l i d  c o a l  p a r t i c l e s  of  
t h e  o r d e r  o f  1 / 2 - i n c h ,  t h e  d e s o r p t i o n  p r o c e s s  may t a k e  6  months t o  1 y e a r .  
Consequen t ly ,  t h e  r a t e  o f  d e s o r p t i o n  o f  g a s  from c o a l  depends upon e q u i l i -  
b r a t e d  p r e s s u r e ,  c o a l  p a r t i c l e s  s i z e  and  geometry ,  a n d  t h e  d i f f u s i v i t y  
c o e f f i c i e n t .  
Most c o a l b e d s  have  a n  a s s o c i a t e d  g a s  o r  r e s e r v o i r  p r e s s u r e .  R e s e r v o i r  
p r e s s u r e  i n  t h e  P i t t s b u r g h  c o a l b e d  i s  o f  t h e  o r d e r  o f  260 p s i g  and  i n  e x c e s s  o f  
550 p s i g  i n  t h e  Pocahon tas  No. 3 c o a l b e d .  These  p r e s s u r e s  a r e  f a r  i n  e x c e s s  o f  
t h o s e  u s e d  i n  s o r p t i o n  s t u d i e s  i n  t h e  U n i t e d  S t a t e s .  Most o f  t h e  s t u d i e s  o f  
t h e  p h y s i c a l  p r o p e r t i e s  o f  c o a l  r e l a t i n g  t o  d i f f u s i o n  t r a n s p o r t  were  made on 
European c o a l s ,  and  no comparable  s t u d i e s  have  been  made on U n i t e d  S t a t e s  
c o a l s .  Consequen t ly ,  v e r y  l i t t l e  i s  known a b o u t  t h e  s o r p t i o n  p r o c e s s  a t  
L 1- 
L r l e s e  p~-ess-ures . 
CLASSIFICATION OF COALBEDS 
Mass t r a n s p o r t  i n  European c o a l b e d s  i s  c o n t r o l  l e d  p redominan t ly  by F i c k l  s 
l a w .  Methane c o n t r o l  measu res  i n  European c o a l b e d s  a r e  conce rned  p r i m a r i l y  
w i t h  t h e  d i f f u s i o n  c o e f f i c i e n t ,  D.  T h i s  i s  s u p p o r t e d  by t h e  f a c t  t h a t  a l l  
e f f e c t i v e  methods o f  d e g a s i f y i n g  European c o a l b e d s  r e q u i r e  f r a c t u r i n g  o f  t h e  
c o a l .  The r a t e  o f  d e s o r p t i o n  o f  g a s  i s  dependen t  upon e f f e c t i v e  c o a l  p a r t i c l e  
s i z e ,  w i t h  s m a l l e r  p a r t i c l e s  r e l e a s i n g  g a s  much f a s t e r  t h a n  l a r g e r  p a r t i c l e s .  
I n  c o n t r a s t ,  c o a l b e d s  i n  t h e  Appa lach ian  a r e a  o f  t h e  U n i t e d  S t a t e s  a p p e a r  
t o  f a l l  i n t o  t h e  c a t e g o r y  o f  mass t r a n s p o r t  p redominan t ly  by D a r c y l s  l a w .  
F i g u r e  1 shows t h e  v a r i a t i o n  o f  methane c o n t e n t  i n  a r e t u r n  e n t r y  o f  a s e c t i o n  
o f  a mine where  a c o n t i n u o u s  m i n e r  was o p e r a t i n g .  A i r  v e l o c i t y  was c o n s t a n t  
d u r i n g  t h e s e  measurements .  Dur ing  t h e  78-minute  min ing  p e r i o d ,  methane con-  
t e n t  i n  t h e  o u t b y  a i r  r o s e  from 0 .52  t o  0 .97  p e r c e n t .  The small d i p s  r e p r e -  
s e n t  i n t e r v a l s  o f  t i m e  t h e  m i n e r  c e a s e d  mining .  T h i s  p a r t  o f  t h e  c u r v e  r e p r e -  
s e n t s  a s t e e p e n i n g  o f  t h e  p r e s s u r e  g r a d i e n t  by a d v a n c i n g  i n t o  t h e  r e s e r v o i r ,  
a n d  a c c o r d i n g  t o  D a r c y l s  l a w ,  g a s  f lows  w i l l  i n c r e a s e .  The second  p a r t  o f  t h e  
c u r v e  i s  a 140-minu te  i d l e  p e r i o d  and  r e f l e c t s  t h e  r e a d j u s t m e n t  o f  t h e  p r e s -  
s u r e  g r a d i e n t  t o  lower  v a l u e s .  The s i g n i f i c a n t  f e a t u r e  o f  t h i s  f i g u r e  i s  t h a t  
t h e  c o n t i n u o u s - m i n i n g  machine i s  a b l e  t o  advance  t h e  f a c e  a t  a much f a s t e r  
r a t e  t h a n  t h e  d r a i n a g e  r a d i u s  i s  a b l e  t o  r e c e d e  i n t o  t h e  c o a l b e d .  
Coalbeds  c a n  be  c l a s s i f i e d  a c c o r d i n g  t o  modes o f  mass t r a n s p o r t  i n t o  mine 
o p e n i n g s .  T h i s  c l a s s i f i c a t i o n  i s  shown i n  f i g u r e  2 .  No c o a l b e d  e x h i b i t s  mass 
t r a n s p o r t  by D a r c y l s  l a w  a l o n e .  Methane and  o t h e r  g a s e s  have  a n  a f f i n i t y  f o r  
c o a l  and ,  t h e r e f o r e ,  d i f f u s i o n  t r a n s p o r t  e x i s t s  a lways .  Undoubtedly ,  t h e r e  
a r e  c o a l b e d s  where  t r a n s p o r t  by b o t h  F i c k l s  and  D a r c y l s  laws i s  i m p o r t a n t  a n d  
o f  e q u a l  magn i tude .  E x p e r i e n c e  i n  min ing  U n i t e d  S t a t e s  c o a l b e d s  i s  g e n e r a l l y  
l i m i t e d  t o  s h a f t  d e p t h s  o f  l e s s  t h a n  1 ,500 f e e t .  Most o f  t h e  c o a l  mines  o f  
G r e a t  B r i t a i n  a n d  Western  Europe a r e  much d e e p e r .  A s  d e e p e r  c o a l b e d s  a r e  
e x p l o i t e d  i n  t h e  U n i t e d  S t a t e s ,  t h e  mode o f  mass t r a n s p o r t  may s h i f t  g r a d u a l l y  
w i t h  d e p t h  from t h e  Darcy mode t o  d i f f u s i o n  t r a n s p o r t .  Methane c o n t r o l  meas- 
u r e s  a n d  d e g a s i f i c a t i o n  t e c h n i q u e s  deve loped  f o r  D a r c y l s  mode o f  t r a n s p o r t  a r e  
n o t  a p p l i c a b l e  t o  beds  where  d i f f u s i o n  t r a n s p o r t  p redomina te s .  The c o n v e r s e  
a l s o  i s  t r u e .  
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FIGURE 1. - Comparison o f  Methane L ibe ra t ion  During a Mining and Id le  Per iod. 
FIGURE 2. - C lass i f i ca t ion  o f  Coalbeds According to Mode of  Mass Transport .  







Corn bination of Fick's 
and Darcy's law 
DEGASIFICATION BY SURFACE BOREHOLES 
For  Darcy t y p e  f low, d e g a s i f i c a t i o n  a n d  methane c o n t r o l  measures  w i l l  b e  
d i r e c t e d  towards methods o f  r e d u c i n g  p r e s s u r e ,  r educ ing  f r a c t u r e  p e r m e a b i l i t y ,  
o r  f i l l i n g  o f  t h e  f r a c t u r e  p o r e  volume w i t h  a more v i s c o u s  f l u i d .  There  a r e  
s e v e r a l  methods o f  c o n t r o l l i n g  g a s  f lows underground d u r i n g  min ing ;  t h e s e  
methods i n c l u d e  w a t e r  i n f u s i o n ,  u s e  o f  foam, and underground b l o c k i n g  method. 
These methods have been p r e s e n t e d  by Cerv ik  ( 2 ) .  The o n l y  d e g a s i f i c a t i o n  
scheme t h a t  w i l l  b e  d i s c u s s e d  i n  t h i s  paper  is s u r f a c e  b o r e h o l e s .  
S u r f a c e  b o r e h o l e s  p r o v i d e  a method o f  d e g a s i f y i n g  a c o a l b e d  b e f o r e  i t  i s  
opened t o  p r o d u c t i o n  o r  d e g a s i f y i n g  a s e c t i o n  o f  a c o a l b e d  f a r  i n  advance o f  
mining.  Coalbeds c o n t a i n  l a r g e  q u a n t i t i e s  o f  g a s ;  however, t h e  p r o d u c t i o n  
- - - &  - -  ~ a ~ e s  a r e  g e n e r a l  l y  small because  r e s e r v o i r  p r e s s u r e s  may be r e l a t  i v c l y  !GW i n  
comparison t o  o t h e r  producing h o r i z o n s ,  and  d i f f u s i o n  t r a n s p o r t  through t h e  
m a t r i x  i s  a slow p r o c e s s ,  The d e s i g n  o f  a n  economical  d e g a s i f i c a t i o n  scheme 
i s  dependent  s t r o n g l y  upon p r o p e r  w e l l  s p a c i n g .  The c o s t  of  such a program 
must b e  ba lanced  a g a i n s t  c o s t  r e d u c t i o n  i n  v e n t i l a t i o n ,  h i g h e r  p r o d u c t i v i t y ,  
and,  p o s s i b l y ,  revenue from t h e  sale of  produced gas .  
F i g u r e  3  shows measurements of  p r e s s u r e  g r a d i e n t s  t h a t  e x i s t  a round  mine 
openings .  Curve 1 was measured i n  a n  a r e a  where c o a l  w a s  b e i n g  mined a c t i v e l y .  
Curve 2  was measured i n  a n  a r e a  t h a t  had been i n a c t i v e  6  months. Note t h a t  
t h e  g r a d i e n t s  a r e  much s t e e p e r  n e a r  t h e  a c t i v e  f a c e  a r e a s ;  t h e s e  are t h e  a r e a s  
where heavy g a s  f lows o c c u r ,  F i g u r e  3 shows t h a t  t h e  d r a i n a g e  r a d i u s  n e a r  a n  
a c t i v e  f a c e  i s  abou t  80 f e e t ,  and a b o u t  1,300 f e e t  ( e x t r a p o l a t e d )  a t  a n  
exposed r i b .  These curves  were  o b t a i n e d  by d r i l l i n g  h o r i z o n t a l  h o l e s  i n c r e -  
m e n t a l l y  a n d  measur ing p r e s s u r e .  
Curve 2  o f  f i g u r e  3  was moni to red  f o r  a p e r i o d  of  approx imate ly  4 months. 
Dur ing t h i s  i n t e r v a l  no p r e s s u r e  changes occur red ,  i n d i c a t i n g  t h a t  t h e  d r a i n -  
a g e  r a d i u s  was s t a t i o n a r y .  These measurements s u b s t a n t i a t e  t h e  o b s e r v a t i o n  
t h a t  g a s s y  mines l e f t  i d l e  f o r  a number of  y e a r s  do n o t  d e g a s i f y .  When t h e  
mine i s  reopened and e n t r i e s  are d r i v e n  f o r  approx imate ly  1,000 f e e t ,  t h e  mine 
is  as gassy  as b e f o r e  c l o s u r e .  Based on t h e  d a t a  p r e s e n t e d  i n  f i g u r e  3, a 
r e a s o n a b l e  s p a c i n g  program f o r  t h e  Pocahontas  No. 3 c o a l b e d  i s  of  t h e  o r d e r  
o f  0 .5  m i l e  o r  one w e l l  p e r  160 a c r e s .  
F i g u r e  4 shows a produc t ion  d e c l i n e  c u r v e  f o r  a g roup  of  20 w e l l s  d r i l l e d  
i n t o  t h e  P i t t s b u r g h  coa lbed .  These w e l l s  a r e  on a 1 , 5 0 0 - f o o t  spac ing .  The 
c u r v e  i s  a t y p i c a l  c o n s t a n t  p e r c e n t a g e  d e c l i n e ,  and  t h e r e  a r e  no i n d i c a t i o n s  
o f  f low c h a r a c t e r i s t i c s  p e c u l i a r  t o  c o a l - g a s  r e s e r v o i r s .  I n i t i a l  p r o d u c t i o n  
r a t e s  were  o f  t h e  o r d e r  o f  15 t o  20 m i l l i o n  s t a n d a r d  c u b i c  f e e t  p e r  day and  
t h e  economic l i f e  i s  o f  t h e  o r d e r  of  35 t o  40 y e a r s .  Adequate t e c h n i c a l  d a t a  
a r e  n o t  a v a i l a b l e  such  as s h u t - i n  p r e s s u r e s ,  drawdown tes ts ,  and i n  s i t u  
p e r m e a b i l i t y  t e s t s .  
The s u c c e s s f u l  u s e  o f  s u r f a c e  b o r e h o l e s  as a d e g a s i f i c a t i o n  scheme i n  
c o a l b e d s  w i l l  depend upon two n e c e s s a r y  c o n d i t i o n s ;  namely, good f r a c t u r e  
p e r m e a b i l i t y  a n d  h i g h  f r a c t u r e  d e n s i t y .  Both c o n d i t i o n s  must b e  met. A bed 
w i t h  good f r a c t u r e  p r e m e a b i l i t y  a n d  low f r a c t u r e  d e n s i t y  i s  i n  t h e  same 
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FIGURE 3. - Comparison o f  Pressure Gradients Near Ac t i ve  and Inact ive Areas of a Mine. 
--
FIGURE 4. - Production Decline Curve for Coal-Gas Wells. 
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c a t e g o r y  as a bed w i t h  poor f r a c t u r e  p e r m e a b i l i t y  and  h i g h  f r a c t u r e  d e n s i t y .  
N e i t h e r  i s  s u s c e p t i b l e  t o  s u r f a c e  boreho le  d e g a s i f i c a t i o n .  Both can be 
c l a s s i f i e d  as beds where d i f f u s i o n  t r a n s p o r t  predominates.  A s  mass t r a n s p o r t  
s h i f t s  from t h e  Darcy mode toward d i f f u s i o n  t r a n s p o r t ,  t h e  e f f e c t i v e n e s s  of 
s u r f a c e  boreho les  as a means of d e g a s i f i c a t i o n  d e c r e a s e s .  
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SUMMARY AND CONCLUSIONS 
Mass t r a n s p o r t  through coa lbeds  i s  governed by Darcy 's  l a w  and F i c k ' s  l a w  
of d i f f u s i o n .  Thus, t h e  e x t e n s i o n  o f  conven t iona l  methods o f  r e s e r v o i r  
e n g i n e e r i n g  a n a l y s i s  t o  coa lbeds  i s  n o t  j u s t i f i e d .  
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I n t e r n a l  s u r f a c e  a r e a  o f  c o a l  can be as h i g h  as 1 . 5  m i l l i o n  s q u a r e  f e e t  
p e r  pound of  c o a l  and 0 .34  s t a n d a r d  c u b i c  f e e t  o f  gas  p e r  pound of  c o a l  can  be  
adsorbed  on t h e  i n t e r n a l  s u r f a c e  a r e a  a t  t h e  s a t u r a t i o n  p r e s s u r e  o f  1,500 p s i g .  
1 
The e f f e c t i v e n e s s  of s u r f a c e  boreho les  as a d e g a s i f i c a t i o n  scheme w i l l  
depend upon two necessa ry  cond i t ions - -good  f r a c t u r e  p e r m e a b i l i t y  and h igh  
f r a c t u r e  d e n s i t y .  Both c o n d i t i o n s  must be met. 
P roduc t ion  d e c l i n e  curves  show no i n d i c a t i o n s  of f low c h a r a c t e r i s t i c s  
p e c u l i a r  t o  coa lbeds .  Economic l i f e  of c o a l - g a s  w e l l s  i s  o f  t h e  o r d e r  of 35 
t o  40 y e a r s .  
NOMENCLATURE 
q = volume flow r a t e  (cm3/sec 
k = f r a c t u r e  pe rmeab i l i t y  (Darcy)  
A = c r o s s - s e c t i o n a l  a r e a  (cn? ) 
IJ. = gas v i s c o s i t y  ( c e n t i p o i s e )  
P = gas p r e s su re  (a tm)  
L = l eng th  (cm) 
q 1  = volume flow r a t e  (cm3/sec) 
D = d i f f u s i v i t y  c o e f f i c i e n t  (cnf? /set) 
C = concen t r a t i on  o f  CH4 i n  s o l i d  c o a l  (cm3 of C H , / C ~ ~  of  c o a l )  
Co = e q u i l i b r a t e d  concen t r a t i on  of  CH4 i n  s o l i d  coa l  
(cm3 of C H * / C ~ ~  of c o a l )  
b  and n  = cons t an t s  
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